F JNCTIONAL assessment of elderly participants usually includes an evaluation of performance on Instrumental Activities of Daily Living (IADLs), mostly based on self-or proxy reports. IADL functions are concerned with a person's ability to cope with his or her environment in terms of adaptive tasks (Katz, 1983) . In Lawton's hierarchical model, instrumental self-maintenance requires greater complexity of neuropsychological organization than physical self-maintenance, also called Activities of Daily Living (ADLs) functions (Lawton & Brody, 1969) . The tasks Lawton and Brody chose for inclusion in a scale of IADL are ability to use the telephone, shopping, mode of transportation, responsibility for own medications, and ability to handle finances. Three ancillary activities are added when assessing women: food preparation, housekeeping, and doing the laundry. The presence of a hierarchical relationship between some selected ADL and IADL items was clearly demonstrated by Spector (Spector, Katz, Murphy, & Fulton, 1987) and then replicated by several other authors (Asberg & Sonn, 1988; Kempen & Suurmeijer, 1990) . ADLs and IADLs were successfully combined to construct a Guttman scale, in the sense that all the persons dependent in ADL were also dependent in IADL. Conversely, the IADL-independent participants were also ADL independent. However, the two dimensions were found to have different loadings in factor analyses, suggesting that there is no single sociobiological process underlying the loss of ability to perform IADL, unlike what seems to be so for ADL (Norstrom & Thorslund, 1991) .
The IADL are strongly correlated with cognitive functioning, in particular when assessed by the Mental State Questionnaire (Lawton & Brody, 1969; Pfeffer, Kurosaki, Harrah, Chance, & Filos, 1982) or the Mini-Mental State examination (MMS; Barberger-Gateau, Chaslerie, et al., 1992; Pfeffer et al., 1982) . We found four IADL items (use of telephone, transportation, medication, finances) to have a strong association with cognitive performance assessed by the MMS score, independent of age, sex, and education, in French elderly community dwellers included in the Personnes Agees Quid (PAQUID) study (Barberger-Gateau, Commenges, et al., 1992) . Fitzgerald, Smith, Martin, Freedman and Wolinsky (1993) found similar results. Using a principal component analysis (PCA), they identified four dimensions among a set of ADL and IADL items. The first factor to emerge was a set of items dealing with the need for help in using the telephone, managing money, eating, and taking medications. They called these items "advanced ADL" and demonstrated that they were tapping a set of activities more directly related to cognitive capacity than are "basic" and "household" ADL. Regression of the Short Portable Mental Status Questionnaire scores on the four dimensions identified earlier showed that only these "advanced" ADL were significantly correlated with cognitive function. Wolinsky and Johnson (1992) had previously identified a similar three-dimensional factor structure among ADL items, using factor analysis and PCA. In their model basic ADL consisted of five items indicating the need for help with bathing, dressing, getting out of bed, walking, and toileting. Household ADL included items relating to the need for help with meal preparation, shopping, and housework. They composed the so-called "advanced ADL" scale of three items from the original ADL and IADL scales that did not load with the other items: the need for help with managing money, in using the telephone, and in eating. The authors hypothesized that these advanced ADL tapped a set of activities of daily living that focuses more precisely on cognitive capacity.
Consideration of performance on selected IADL items has been successfully used to improve the screening of demented people or to identify people at high risk of dementia. Pfeffer et al. (1982) demonstrated that the Functional Activities Questionnaire (FAQ) score is helpful in distinguishing between normal and questionably demented older adults. The FAQ includes instrumental activities such as "writing checks, paying bills, and keeping financial records" and "remembering appointments, family occasions, and medications." In the PAQUID study, a score adding the number of dependencies on the four IADL associated with cognitive impairment (using telephone, transportation, medication, finances) had a sensitivity of 0.94 and a specificity of 0.71 at the lowest cutoff point (score > 0) for the diagnosis of dementia in elderly community dwellers (Barberger-Gateau, Commenges, et al., 1992) . The same score was also a strong predictor of the risk of being diagnosed as demented in the following year (Barberger-Gateau, Dartigues, & Letenneur, 1993 ) and 3 years after baseline screening, but not 5 years later (Barberger-Gateau, Fabrigoule, Helmer, Rouch, & Dartigues, 1999) . These results suggest that dementia is already present and detectable through mild impairments in everyday living 3 to 5 years before its clinical diagnosis. Wilder et al. (1994) proposed to add the power of functional information in detecting dementia to the corresponding power of conventional cognitive screens. They showed that information on the participant's functioning, mostly based on ADL and IADL items, increased the specificity of the screening, in particular in "borderline" participants. The selected items included ability to use the phone, manage own money, and manage medications. Juva et al. (1997) found that all the functional scales they had tested (ADL, IADL, FAQ, and the Modified Blessed Dementia Scale) discriminated well between demented and nondemented participants, but they recommended using scales measuring complex IADL functions demanding cognitive capacity for routine functional assessment of elderly patients and making use of the results in identifying possible cases of dementia.
Given all these results, functional status assessment by standardized instruments, especially those measuring performance in instrumental activities, has been strongly recommended as part of the initial clinical assessment of participants suspected of Alzheimer's disease (Costa, Williams, & Somerfield, 1996) . Some instrumental activities have also recently been proposed by Galasko et al. (1997) for inclusion in a scale of ADL for assessment of patients in clinical trials for Alzheimer's disease. However, little is known about how cognitive functions are involved in IADL performance. In particular, the relationship between cognitive function and IADL needs to be examined separately in demented and nondemented participants. Indeed, there are three possibilities regarding the relationship between IADL and cognition: (i) IADL and cognition are associated across the full range of cognitive performance, in demented as well as in nondemented elderly persons; (ii) IADL and cognition are associated only when cognitive impairment reaches a threshold, whereas there is no association in nondemented participants; (iii) IADL and cognitive performance show no specific association but both can discriminate between demented and nondemented elderly persons. To examine these hypotheses we need to test the association of IADL with cognition in nondemented participants presenting a wide range of cognitive performance. Moreover, to identify if both IADL and cognitive tests performance are independent predictors of dementia, or if the predictive value of IADL is explained by their cognitive component, both kinds of measures must be considered simultaneously in predictive models of the risk of incident dementia in nondemented elderly adults.
The neuropsychological tests that are predictors of the risk of incident dementia are probably the best candidates to assess the cognitive component of IADL performance, in order to explain the relationship between dementia and IADL impairment. Several neuropsychological tests have been found to be predictive of the risk of incident dementia. Recent prospective studies have demonstrated the existence of a preclinical stage of dementia, identifiable by neuropsychological assessment 1 to 13 years before the clinical diagnosis of the disease (Jacobs et al., 1995; Linn et al., 1995; Masur, Sliwinski, Lipton, Blau, & Crystal, 1994) . In particular, global cognitive performance assessed by the MMS, short-term visual memory, verbal fluency performance (Dartigues et al., 1997) , and abstract reasoning assessed by the WAIS similarities subtest (Fabrigoule, Lafont, Letenneur, Rouch, & Dartigues, 1996) are independent predictors of dementia 1 to 3 years later in the PAQUID study. MMS item subscores are also predictors of Alzheimer's disease, especially delayed word recall and orientation to time (Small, Viitanen, & Backman, 1997) .
A PCA of the neuropsychological tests used in the PAQUID study generated a one-factor solution that accounted for 45.3% of the variance in test performance (Fabrigoule et al., 1998 Zazzo, 1964) , with all loadings greater than .70. Only this factor was significantly associated with an increased risk of dementia in the 2 following years.
The results just described considered altogether suggest the existence of a "preclinical" phase in the disease process before diagnosable dementia, where the underlying pathological process begins to have a repercussion on some neuropsychological tests and instrumental activities, but where these impairments are not yet sufficient for the criteria of dementia to be met. To better understand the predictive value of IADL impairments observed at this preclinical stage of dementia, one point to consider is how much of the information contained in IADL performance is explained by the results of neuropsychological tests and, conversely, which specific additional skills are explored by IADL assessment. The first purpose of this article is to describe the cross-sectional relationships between performance on the four IADL items associated with cognitive impairment and dementia, and performance on neuropsychological tests, in nondemented elderly community dwellers included in the PAQUID study. The second purpose is to identify which components of the IADL items and the tests are independent predictors of the risk of incident dementia in the following years.
METHODS
The PAQUID study is an epidemiological study of cerebral and functional aging conducted in French elderly adults, aged 65 and above, and living in the community in two administrative areas (Gironde and Dordogne) at baseline. To be included, participants had to meet the following criteria: (i) to be aged 65 or above on December 31, 1987 and (ii) to be registered on the electoral rolls of 75 randomly selected parishes. A random sample of 5,555 participants was constituted from electoral rolls of each parish, stratified by age and sex, with a homogeneous sampling ratio. Among these selected participants, 2,792 individuals in Gironde (68.9%) and 985 in Dordogne (65.4%) gave their written consent to participate in the study. The final sample was representative in terms of age and sex of the population of the area aged 65 and older. The general methodology of the study and main characteristics of the sample have already been described elsewhere (Barberger-Gateau, Chaslerie, et al., 1992; Dartigues et al., 1992; Dartigues et al., 1991) .
Specifically trained psychologists conducted a 1-hr home interview at baseline. Data collected included sociodemographic information (past occupation, education, living arrangements, social network) and physical and mental health status measures (symptoms, impairments, functional assessment, number of medications, subjective health, depressive symptomatology). At the end of the interview the psychologist administered the MMS examination. Then the participants were given a set of neuropsychological tests to explore several areas of cognitive functioning. After this step the psychologist applied the DSM-III criteria for the diagnosis of dementia. A neurologist then visited DSM-III positive cases to confirm or reject the diagnosis of dementia and ascertain its etiology.
We followed up on the participants in a similar manner at 1 (in Gironde only), 3, 5, and 8 years (in both areas) after the baseline interview, except that diagnosis criteria for dementia were based on DSM-III-R instead of DSM-III. The agespecific incidence data for dementia and Alzheimer's disease observed in the PAQUID study have been published elsewhere (Commenges, Letenneur, Joly, Alioum & Dartigues, 1998; Letenneuretal., 1999) .
The present study is a cross-sectional and longitudinal analysis of the data collected at 1-year follow-up of the Gironde sample, because this follow-up included more neuropsychological tests than the other visits. At 1-year follow-up, 108 participants from the Gironde sample had died, 665 had only a phone interview, 2 were lost to follow-up, 103 could not be reached in the appropriate time, 64 refused the follow-up, and 1,850 were visited at home. From those, we excluded 58 demented participants: 37 were already demented at baseline, and 21 were classified as incident cases of dementia at 1-year follow-up. Thus, the sample size was reduced to 1,792 nondemented participants. We used only participants completing all the neuropsychological tests (N= 1,424) in multivariate analyses and in the longitudinal study. We visited those participants at home for follow-up in the same manner 2 and 4 years after the 1-year visit. We made a diagnosis of incident case of dementia using the procedure described earlier. The 8-year follow-up was not used in this study, because the four-IADL score was found to be a predictor of the risk of dementia only 3 to 5 years after baseline screening .
Functional Assessment
The instrument used for IADL assessment is a French translation of Lawton's scale of Instrumental Activities of Daily Living (Lawton & Brody, 1969) . The four items specifically associated with cognitive performance were used here. We assessed ability to use the telephone on a 4-grade scale ranging from "operates telephone on own initiative, looks up and dials numbers" (coded 1) to "unable to use telephone" (coded 4). More than 97% of the elderly adults in the area surveyed had a phone in their home at the time of interview. We assessed mode of transportation on a 5-grade scale ranging from "can travel alone and independently, on public transportation or in own car" (coded 1) to "does not travel at all" (coded 5). We assessed responsibility for own medication on a 3-grade scale ranging from "is responsible for taking medication in correct dosages at correct time" (coded 1) to "is not capable of dispensing own medication" (coded 3). We assessed ability to handle finances on a 3-grade scale ranging from "fully self-governing to manage budget, write checks, pay bills..." (coded 1) to "incapable of handling money" (coded 3). The psychologist rated participants on the grade corresponding to their self-assessed level of performance. If the participant was unable to answer, help of a proxy was required. Proxy answers were not distinguished from self-respondents at 1-year follow-up. At 3-year follow-up, 96.9% of the nondemented participants visited in their homes in the same manner could answer by themselves, 2.6% needed help, and the answer was given by a proxy for only 0.5%. Altogether 1 participant had missing data for all four IADLs, and one participant had missing data for telephone use and mode of transportation items among the 1,792 participants interviewed at 1-year follow-up.
In regression analyses, we considered participants to be "dependent" for each IADL item if they were rated Grade 2 or worse. This cutoff at Grade 2 corresponds to the following abilities:
• for telephone use: dials a few well-known numbers;
• for mode of transportation: arranges own travel by taxi, but does not otherwise use public transportation; • for medication intake: takes responsibility if medication is prepared in advance in separate dosages; • for handling finances: manages day-to-day purchases, but needs help with banking or major purchases.
Neuropsychological Testing
The MMS (Folstein, Folstein & McHugh, 1975 ) is a composite test of cognitive functioning. The total MMS score ranging from 0 to 30 can be considered as the sum of subscores that measure different cognitive components: orientation to time, orientation to place, registration of three objects, attention and calculation, recall of three objects, language, and visual construction. We did not use total MMS score in the present study, as the association between the four IADL items and total MMS score was already demonstrated and was the basis for their selection in a cumulative score of IADL (Barberger-Gateau, Commenges et al., 1992) . MMS subscores have been used among others to predict incident Alzheimer's disease (Galasko, Melville, Hofstetter, & Salmon, 1990; Small et al., 1997) . Two of these subscores, "orientation to time" and "recall three objects," were used to improve the discrimination between demented and nondemented individuals in the PAQUID study . We used three MMS subscores in the present study. We established an orientation subscore (MMSORI) ranging from 0 to 10 by summing up the number of correct answers among the first 10 items of the MMS (orientation to time and place). We constructed a calculation subscore (MMSCAL) ranging from 0 to 5 by summing the number of correct answers to the five "serial sevens" items. A recall subscore (MMSREC) assessing delayed memory and ranging from 0 to 3 recorded the number of objects correctly recalled. We used only completed items for computing these subscores.
We applied BVRT (Benton, 1965) with the multiple-choice form. This test consists of 15 stimulus cards and 15 associated multiple-choice cards. After presentation of a stimulus card for 10 s, the participant is asked to recognize the initial figure among an array of four possibilities on the corresponding multiplechoice card. Possible scores range from 0 to 15, increasing with the number of right answers. The test is designed to explore immediate visual memory but also requires selective attention.
The WPAT (Wechsler, 1945 ) is a verbal memory test. Participants are asked to listen to a list of 10 pairs of associated words. Then the psychologist gives the first word of each pair, and the participant is asked to provide the accompanying word. We used three successive recalls in the present study. A delayed recall was given after presentation of another set of tests. At each recall the pairs were presented in a different order. We gave ten points here for each pair correctly reported. We considered six pairs as "easy" to remember, and we divided their score by two in the total score. Thus, the total score ranged from 0 to 70, increasing with the number of correctly recalled pairs. In this study we considered the score at the first learning trial (WPAT1) and at the delayed recall (WPATr). The WPAT evaluates impairments in verbal associative memory but also semantic memory for the easy pairs.
The DSST (Wechsler, 1981 ) is a measure of processing speed and executive capacity. Participants are asked to assign the correct symbol to digits ranging from 1 to 9 according to a code table displaying pairs of digits and symbols. The score sums up the number of symbols properly copied in a time period of 90 s; it ranges from 0 to 93. This score is thus an indirect measure of response speed. Performance on the DSST is also related to visuo-spatial perception, selective attention, visuo-motor coordination, and incidental memory of digit-symbol pairs.
The 1ST (Isaacs & Akhtar, 1972 ) is a categorical verbal fluency test that measures the ability to generate lists of words in four semantic categories (colors, animals, fruit, cities) in a limited time. We used the performance achieved in 15 s in the present study. We considered the category complete if the participant generated 10 words or more, so possible scores ranged from 0 to 10 for each category. We used the total score ranging from 0 to 40 in this study. Performance on the 1ST depends on the integrity of semantic memory networks and the ability to initiate systematic search-and-retrieval strategies; it also involves working memory in keeping track of what words have already been said. Response speed also contributes to the participant's performance.
We used an abbreviated version of the ZCT (Zazzo, 1964) , which consists of a form with eight lines of 25 symbols. The participant is asked to recognize and tick as quickly as possible one target symbol among the 8 different symbols used in the form. We considered two parameters here: the total number of signs correctly ticked (ZCTTOT) and the time spent to analyze the eight lines of the form (ZCTTIME), which assesses response speed. Unlike the other measures used in this study, ZCTTIME of course increases when performance decreases. ZCT is a test of visuo-spatial perception and selective attention, with a measure of cognitive speed.
We used the first five items of the WAIS (Wechsler's Adult Intelligence Scale) Similarities Test (WST) to explore conceptual abilities. The WST requires that the participants identify relevant similarities or superordinate categories for pairs of items (e.g., a dog and a lion). We considered only the first five pairs of the test here. Items are scored 2 points if an abstract generalization is given and 1 point if a response is a specific concrete likeness. Thus, the score ranged from 0 to 10.
We considered the neuropsychological tests not completed if the participant either refused the test or did not understand the instructions. Thus, the sample size slightly varied according to the variables under study in bivariate statistical analyses. Only 1,424 participants could complete all the neuropsychological tests described earlier and the MMS subscores. We performed multivariate analyses with only participants who had no missing data, as described in the following section.
Cross-Sectional Analyses
We computed means and standard deviations of the scores on neuropsychological tests for each level of performance of the four IADL items. We used one-way analysis of variance and pairwise t tests to compare means on test scores, with a Bonferroni-adjusted significance level for each neuropsychological test. Then we divided participants into two groups for each IADL item: those who were fully autonomous for the activity (Grade 1) and those who were not (Grade 2 and higher).
We performed a first set of logistic regressions on each of these dependent variables in order to assess the association between each test score and each IADL item. We adjusted these logistic regressions for age, sex, educational level, and visual and hearing impairments, which were all found to be associated with IADL impairment in the PAQUID study (BarbergerGateau, Chaslerie, et al., 1992) and could thus act as confounding factors. We dichotomized educational level as follows: (a) participants with no schooling or only primary level without obtaining the first diploma, the French "Certificat d'Etudes Primaires" (CEP), and (b) those with a higher educational level.
We then performed stepwise logistic regressions on each of the four IADL items dichotomized as described earlier. We entered all the test scores significantly associated with the corresponding IADL item at the threshold of .05 in the previous regressions and the adjustment variables significant (p < .05) in at least one of the preceding logistic regressions on the same IADL item as explanatory variables into the initial model. In order to allow a better comparison of the odds ratios across measures, we transformed all test scores into z scores by subtracting their mean and dividing by their standard deviation. We used a backward stepwise procedure, with all the adjustment variables kept in the model until the final step.
Finally, we conducted a PCA to take into account the collinearity between the various neuropsychological tests and to better identify the specific components of performance on each IADL. As level of performance on each IADL cannot be considered as a continuous variable, we dichotomized it as described earlier and coded it as follows: 1 for a fully independent participant (Grade 1), or 0 else. This threshold is the same as that used when computing the four-IADL score. We reversed ZCTTIME and transformed it into ZCTSPEED in order to have an effect in the same direction as the other neuropsychological tests. All variables were transformed into z scores for this analysis.
Longitudinal Analysis
We used the factors of the PCA as explanatory variables in a Cox proportional hazard model with delayed entry, adjusted for educational level. This model considers age as the baseline time for each participant instead of the time since entry into the study (Andersen, Borgan, Gill, & Keideing, 1993; Lamarca, Alonso, Gomez, & Munoz, 1998) . The endpoint was being an incident case of dementia at 3-or 5-year follow-up visits, that is 2 to 4 years after the data collection used in this study. We treated participants unaffected by dementia at the age of their last visit (either alive or deceased afterward) as right-censored data . As low education was significantly associated with an increased risk of incident dementia in the PAQUID study (Letenneur et al., 1999) , and could thus act as a confounder in the relationship of neuropsychological performance to dementia, we adjusted the analysis for this factor. We performed statistical analyses with BMDP statistical package (BMPD Statistical Software, Los Angeles, CA; Dixon, Brown, Engelman & Jennrich, 1990) .
RESULTS

Bivariate Associations
Associations between level of self-reported performance on each IADL item and the characteristics of the participants are displayed in Table 1 . As expected the level of performance decreases when mean age increases. The percentage of women tends to increase in the categories of increasing dependence, in particular between Levels 1 (fully independent) and 2. The percentage of participants achieving only the primary grade of schooling, without obtaining the CEP, increases with increasing dependence. There is also an association between the level of IADL performance and the presence of visual or hearing impairments. However, for each of these variables, most of the difference is observed between Grades 1 and 2 on each IADL, whereas the trend is less obvious for Grades 2 and higher. The small sample size of the most impaired category on each IADL also explains some apparently discordant results.
The bivariate associations between scores on the neuropsychological tests and level of IADL performance are displayed in Table  2 . The number of participants performing each test varied from 1,502 (for WPATr) to 1,774 (MMS subscores). Although the fully independent participants (Grade 1) were not always the same, there is a striking similarity between the means and standard deviations observed for each neuropsychological test in the "unimpaired" category across the four IADL items. Moreover, standard deviations are of small magnitude. Mean test scores decrease with increasing functional impairment. Performance on each test dramatically drops between Grade 1 (autonomous participants) and Grade 2 for each IADL item. Conversely, the time spent on Zazzo's test (ZCTTIME) increases with the level of functional impairment on the four IADL items, in particular between Grades 1 and 2. The differences between means on neuropsychological tests for each level of functional impairment significantly differ between Level 1 and almost each of the other levels (Bonferroniadjusted significance level at least/? <. 10) for each IADL item. However, for some tests there is no significant difference between Level 1 and the greatest level of functional impairment on telephone, transportation, and medication, in part because of the very small sample size of the latter category and the very conservative threshold of the Bonferroni approach, hence poor statistical power. The drop between Grades 1 and 2 is less marked for the transportation item: differences are not significant (p >. 10) for ZAZ TOT, MMSRAP, and MMSORI. The decrease is less marked for the other grades of impairment on each IADL. A significant difference (at least/? <. 10) is found only between mean test scores of Levels 2 and 4 on telephone use for ZAZTOT, WST, and MMSORI, and between Levels 2 and 4 on transportation for MMSORI and ZAZTIME. A significant difference (/? < . 10) is also found between Grades 2 and 3 on medication intake for 1ST, and on handling finances for ZAZTIME and DSST.
Given these results, we dichotomized participants into two groups for each IADL item in the following analyses: fully independent participants (Grade 1) and the remainder called "dependent participants." Among the 1,424 participants performing all the neuropsychological tests, 22 were dependent for telephone use, 223 for use of transportation, 18 for medication intake, and 88 for budget management.
Multivariate Cross-Sectional Analyses
We performed a set of 11 logistic regressions on each of the four dichotomized IADL items as dependent variables, as described earlier. We estimated odds ratios for a 1-point increase in the score, thus their small magnitude given the wide possible range of most test scores. Each neuropsychological test was significantly associated with performance for telephone use. None of the adjustment variables (age, sex, education, visual and hearing impairment) was significantly associated with impairment for telephone use when the results of any psychological test were entered into the model, except education in the regression model with MMS orientation subscore: Participants achieving at least the CEP had a relative risk of 2.8 of being fully independent, when adjusting for this variable and the other potential confounders.
Most neuropsychological test scores (except total score on Zazzo's test and MMS recall subscore) were also associated with ability to use transportation, independently of age, sex, and visual impairment, which remained significant correlates of this IADL item in all the regression models. Educational level was also significantly associated with use of transportation in the regression model with DSST, but the direction of the association was reversed: Participants achieving at least the CEP had an increased risk of 1.8 of being dependent in that model, all other variables being equal.
Among neuropsychological tests, only BVRT, DSST, time spent on Zazzo's test, WST score, and MMS calculation and recall subscores were significantly associated with impairment for medication intake, independently of the adjustment variables. The models with 1ST and MMS orientation subscore failed to converge after 10 iterations, probably because of the small number of dependent participants. Age was significantly associated with dependency for medication intake in the model with total Zazzo's test score. No other adjustment variable was significantly associated with medication intake when any test score was entered into the model. Each neuropsychological test score was a strong significant (p < .001) independent correlate of impairment for budget management. Age and visual impairment were also independently associated with impairment on this IADL item in most regression models. Education was also a significant correlate of performance in budget management in three of these models, in the sense that a higher educational level was associated with a decreased risk of impairment.
We then simultaneously entered all the significant correlates of impairment for the corresponding IADL item into stepwise logistic regressions on each IADL item. Results of the final models are given in Table 3 . Speed on Zazzo's test was significantly associated with a higher probability of being autonomous on each of the four IADL. For telephone use, only the WST score and MMS orientation subscore were also significantly associated with functional performance. For the transportation item, the only independent neuropsychological correlates were DSST test score and ZCTTIME, whereas increasing age, female sex, higher education, and visual impairment also remained significantly associated with functional impairment. The only independent correlate of impairment for medication intake, in addition to time spent on Zazzo's test, was the MMS recall subscore. Independence for handling finances was associated with speed on Zazzo's test and with perfor- mance on the 1ST, similarities subtest, MMS orientation subscore, and MMS recall subscore. Visual impairment was also a significant correlate of impairment on this IADL.
Results of the PCA are shown in Table 4 . To reduce the number of variables, we used only the delayed recall score (WPATr) for the WPAT test, as both scores were fairly correlated in each of the above regressions (coefficients about .50). The first three factors explain 49.6% of variance in data space, and they all have eigenvalues greater than 1. The first factor to emerge, with an eigenvalue of 4.23, explains 30.2% of variance. This factor is mainly characterized by performance on DSST, 1ST, speed on ZCT, BVRT, and to a lesser extent on WPATr, WST, and MM-SCAL, which all have loadings greater than .50. The four IADL items have moderate loadings on this factor, ranging from .33 to .49. The second factor of the PCA, with an eigenvalue of 1.59, explains 11.3% of variance and shows high loadings of three IADL items (responsibility for own medication, telephone use, and handling finances) ranging from .70 to .58, and to a lesser extent of the item "mode of transportation" (loading 0.33). None of the neuropsychological tests has a loading greater than .24 on this factor, and they all load with a negative sign indicating that their effect is opposite to that of the IADL items on this factor, except the MMS orientation subscore. A third factor has an eigenvalue of 1.13 with high loadings of the MMS recall subscore (.61) followed by the orientation subscore (.47), the "mode of transportation" item (.43), and the WPATr score (.39). A fourth factor, not shown in the table, achieves an eigenvalue slightly smaller than 1 (0.94) and is mainly characterized by a high loading of Zazzo's test total score (.80) and a moderate loading of the transportation item (.33). None of the other variables has a loading greater than .22 on this factor. This fourth factor contributes to 6.7% of the variance in data space.
Longitudinal Analysis
From the 1,792 participants not demented at baseline nor at 1-year follow-up, 1,360 were visited at 3-year follow-up and 1,211 at 5-year follow-up (relative to the baseline interview). There were 84 incident cases of dementia (52 at 3-year followup and 32 at 5-year follow-up) among these participants. From the 1,424 participants without any missing data at 1-year follow-up, 1,155 were visited at 3-year follow-up and 1,041 at 5-year follow-up. A cumulative number of 181 deaths was registered. Altogether 1,230 participants had at least one follow-up visit. There were 44 incident cases of dementia diagnosed in the 4 years of follow-up among these participants (25 cases at 3-year follow-up and 19 cases at 5-year follow-up). Thus, 40 incident cases of dementia occurred in the 368 participants who could not complete all the neuropsychological tests. When the first three factors are all entered simultaneously as explanatory variables into the Cox model with delayed entry (Table 5) , a high score on the first factor is significantly associated with a decreased risk of incident dementia (p < .001), whereas the association with the second and third factors is not significant. Educational level is not associated with the risk of subsequent dementia in that model.
DISCUSSION
These data show that there is a strong association between performance on neuropsychological tests and IADL dependency, but the results of the PCA also indicate that performance on the four selected IADL items is not limited to the cognitive components assessed by the neuropsychological tests used here and mat the four items also have something unique in common. The results of the longitudinal analysis clearly indicate that only the cognitive component of the four IADL assessed by the neuropsychological tests used here is associated with an increased risk of dementia. Thus, the predictive value of the 4-IADL score on the risk of incident dementia is explained by early impairments of this cognitive component at the "preclinical" stage of dementia. The association between IADL and neuropsychological performance is also found in "normal" participants. When we excluded future demented participants from the sample, the association between IADL and tests scores remained almost unchanged (data not shown). The sample of future demented participants is too small to allow a separate analysis in this subgroup.
The first striking result is the great homogeneity of performance on neuropsychological tests in the "independent" group for each IADL. This could help define what is the range of each test score in which "normal" elderly individuals can perform. Moreover, a further concurrent validation of the threshold chosen for defining the four-IADL score is provided: In the initial validation study, the threshold for defining dependency had been set at the lowest grade (Grade 1) of each IADL item in order to achieve the highest sensitivity in the screening of dementia (BarbergerGateau, Commenges, et al., 1992) . The same threshold now clearly discriminates a homogeneous group of individuals with a good level of performance on neuropsychological tests from the remainder. These results also justify the dichotomization of each IADL between a fully independent group (Grade 1) and the others, as used in the remainder of the present study.
The apparent raise in neuropsychological performance in the lowest class of IADL performance for some tests may be explained by the fact that this class probably includes participants with heavy physical impairments, in particular muskuloskeletal impairments not registered in the PAQUID study, which may explain great difficulties in using transportation or moving to the telephone, for example, independent of cognitive performance. When demented participants are excluded, as is the case here, this class of heavy functional limitation is related more to physical than to cognitive impairments.
Each neuropsychological test was significantly associated with performance on almost each IADL, but when they were considered altogether in the stepwise logistic regressions, each item had specific independent associations. Speed, as tested by ZCTTIME, is the only common factor associated with performance on each of the four IADL. Processing speed has been thought to be one of the main cognitive factors affected in normal aging (Salthouse, 1996) . It appears from the data shown here that lower cognitive speed has repercussions on everyday living even in nondemented people.
Mode of transportation is the most "physical" item, with a significant independent effect of age, sex, and visual impairment, but it is also strongly associated with two tests (DSST and ZAZ-TIME) assessing processing speed, visuo-spatial perception, and attention. These cognitive components are strongly implied in driving but also in the ability to use public transportation, in particular in big cities. The reversed effect of education may be explained by the fact that highly educated participants have a greater cognitive reserve that will compensate their cognitive decline at the beginning of the dementing process (Mortimer & Graves, 1993) . For the same level of performance on neuropsychological tests, highly educated participants are in a more advanced stage of disease, and their level of functional impairment is more elevated. The same reversed association has already been found in an analysis of the relationship between MMS performance and ADL functioning in the PAQUTDO study (Lafont, Barberger-Gateau, Sourgen, & Dartigues, 1999) . The transportation item is also the sole IADL item with a specific loading on the third factor of the PCA, associated with the MMS orientation and recall subscores. It is not really surprising that use of means of transportation involves memory and orientation skills. It also probably involves other cognitive aspects, not taken into account in Factors 1 and 2, as suggested by the relatively high loading of paired associate learning on the third factor. However, the drop in neuropsychological performance observed from Grade 1 to Grade 2 of functional impairment is not as marked for the transportation item as it is for the other IADL, and the decline is more progressive with increasing grades of functional impairment. This item has also been found to be strongly associated with dyspnea (Barberger-Gateau, Nejjari, Tessier, & Dartigues, 1995) . The item "use of means of transportation" was not included in the studies conducted by Wolinsky and Johnson (1992) and by Fitzgerald et al. (1993) on the multidimensionality of ADL. The latter included questions about mobility formulated as "Can you get to places out of walking distance..." or "Can you walk..." that tapped physical limitations rather than cognitive impairment. The item "traveling to places out of walking distance" had its main loading on the household ADL scale in their study. Those findings considered altogether suggest that transportation is not primarily a cognitively mediated IADL. Indeed, the transportation item has very similar loadings on each of the first four factors of the PCA, corresponding to a complex mixture of physical and cognitive aptitudes.
Each of the other three IADL items has a major cognitive component. In addition to processing speed, performance on these items is associated with conceptual abilities and orientation for telephone use, and by memory for responsibility for own medication, as shown by the stepwise logistic regressions. Handling finances is a complex task requiring conceptual abilities, orientation, and the integrity of active retrieval in memory, in particular when handling great numbers. It appears to be the most heavily cognitively mediated of the four IADL. This finding has relevance to clinical issues of assessing financial capacity even in nondemented elderly individuals and legal issues of adjudicating competency. The PCA allowed a better understanding of the relationships between neuropsychological and IADL performances. The neuropsychological tests loading on the first factor are the same as those previously identified in another PCA on a subsample of the same participants, with very similar loadings, although the previous PCA did not include the MMS subscores or the IADL items. The score on this factor was a strong predictor of the risk of dementia 2 years later and was interpreted as a general factor corresponding to the controlled aspects of the tasks used (Fabrigoule et al., 1998) . In our study, the first factor represents the cognitive component of IADL. Given the previous interpretation of the neuropsychological tests loading on this factor, a conceptual model explaining the early impairments observed on IADL could be that of a deterioration of the control processes at the preclinical phase of dementia. Instrumental tasks such as telephone use or handling finances require a high degree of planning and executive abilities, in particular when the cutoff for defining dependency is set at the lowest grade of each item, as is the case in the four-IADL score (Barberger-Gateau, Commenges, et al., 1992) . This cutoff separates a high level of functioning for each task, requiring planning abilities in relatively new or unusual situations (e.g., searching for a new phone number in a directory), from lower grades of functioning, involving more automatic functioning in usual tasks (e.g., dialing a few well-known phone numbers). Similar skills are necessary when using public transportation, namely planning the trip, selecting the adequate means of transportation, and moving to the bus station, for example. Planning the task is also obvious when preparing medication to be taken at the right time and in the correct dosage. Handling finances also needs planning of the budget, when not limited to day-to-day purchases. However, this attractive interpretation of the limitations in IADL at the preclinical phase of dementia is still mere speculation, which should be supported by further research.
The same difference as observed in logistic regressions between use of transportation, on the one hand, and the other three IADL items, on the other, also appears in the results of the PCA. The second factor is specific to three of the four IADL items, with a lower loading of the transportation item. The three items loading on this factor are similar to those identified by Fitzgerald et al. (1993) in addition to "eating," in their model. This factor could represent the specificity of the instrumental tasks, which is not accounted for by the neuropsychological tests used here. In particular, the negative sign of the neuropsychological tests on this factor, and its nonsignificant effect on the risk of dementia, are in favor of a nonprimarily cognitive component. The physical component of the IADL is probably expressed in this second factor, but not exclusively, as the transportation item has only a moderate loading on this factor. This physical component may explain the lack of relationship of the second factor with the risk of subsequent dementia. An alternative interpretation of this second factor may lie in the fact that it could represent other cognitive components, not taken into account by the neuropsychological tests used here, which are not predictive of dementia.
These results give a new insight into the cognitive components of IADL performance, in particular those called "advanced ADL." These IADL are more strongly related to cognition than are ADL, and they are affected earlier in the disease process. The results of the present study show that, even in participants not yet diagnosed as demented, IADL are strongly associated with cognitive performance! These data emphasize the need for functional evaluation including IADL assessment in elderly participants, in order to assess competence in a wide range of activities that can be affected early with cognitive decline, and to identify participants at high risk of dementia in the subsequent years. A more refined formulation of IADL items or additional questioning could probably focus more directly on their cognitive aspect and help eliminate physical or environmental causes for disability.
There may, however, be some potential methodological limitations to our results. IADL assessment was based on self-reports of performance whose accuracy cannot be verified. In few cases, help of a proxy was necessary. The discrepancies between proxies and serf-respondents regarding functional assessment have been studied in depth by Magaziner, Zimmerman, GruberBaldini, Hebel, and Fox (1997) . Yet there is little evidence that our very small number of proxy respondents could have biased the results. The percentage of self-respondents on functional assessment in the present study is probably even higher here than it was at 3-year follow-up (97%), because the present participants were younger and could perform all the neuropsychological tests. Moreover, comparisons of proxy and patient ratings of the patients' ability to perform IADL has been found to be extremely high when patients' MMS scores were 24 or higher (Weinberger et al., 1992) . The relatively high level of cognitive functioning observed in our sample probably ensures a good reliability of self-assessment but may limit the extrapolation of the results to more cognitively impaired populations. Studies comparing performance-based and serf-reported measures of functional status have shown a good reliability of serf-reported measures, except in very old or cognitively impaired participants, where self-reported functional status may have a lower reproducibility (Hoeymans, Wouters, Feskens, van den Bos & Kromhout, 1997) . In these participants, help of a proxy is probably the simplest means of obtaining fairly accurate functional assessment, and the mix of proxy and self-respondents is widely used in most epidemiological studies of the elderly population.
The incidence of dementia was higher in participants who did not complete all the neuropsychological tests. Indeed, most nonresponses were due to excessive cognitive impairment. Missing data on the 1ST and on the BVRT were found to be highly predictive of incident dementia in the 3 subsequent years in another analysis of the PAQUID study (Dartigues et al., 1997) . However, there is no evidence that this could have biased the relationship between IADL and neuropsychological performance. Participants who did not perform the tests were also mostly severely impaired on IADL; thus, the direction of the association was consistent.
The analysis of the relationship between IADL performance and cognition was limited to nondemented participants. It would be interesting to know if the pattern of association observed in these participants is also met in demented participants, in particular if the specific associations of each IADL with neuropsychological tests still hold. The small number of prevalent cases of dementia (58 participants) including only 3 individuals with all neuropsychological tests completed prevented us from conducting this analysis. A clinical setting is probably more convenient for an in-depth analysis of the relationships between functional performance, which could be directly observed, and specific tests of cognitive functioning in demented participants (Willis et al., 1998) . CONCLUSION This study shows that there is a strong relationship between cognition and IADL performance in nondemented elderly individuals. The decrease in performance on neuropsychological tests is particularly marked between participants functioning at the highest level of independence on each IADL item and those functioning in a more automatic manner. Each of the four IADL items has specific associations with neuropsychological tests, and their combination provides a comprehensive view of the functional consequences of cognitive decline in the dementing process. Only this cognitive component of IADL performance is predictive of the risk of incident dementia. These results throw light on how and why instrumental activities are impaired at an early stage of dementia. They also confirm that the IADL may be useful in initial screening for dementia risk. However, functional performance on these four IADL items is not limited to cognitive performance as assessed by the tests used here, and further research is needed to identify the specific constructs underlying the concept of instrumental activities.
